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ML^TlLAYER_BLOVVN FILM AND PROCESS FOR PRODUCTION THEREOF 

5 

The invention relates to a process for producing by blow-moulding a 
multilayer film containing at least a polyamide layer and a polyolefin layer. Such a 
process is often used for producing for example agricultural film and packaging film for, 
for example, foodstuffs. The polyolefin layer imparts to the film certain properties such 

10 as high tear strength when linear low-density polyethylene (LLDPE) is used as 

polyolefin or good surface gloss when polypropylene is used as polyolefin, whilst as a 
rule the polyamide layer is intended to impart barrier properties to the film. 

A problem of the known process is that combinations of polyamide 
layers and polyolefin layers that in themselves are sufficient to impart a desired 

15 combination of properties to the film often are difficult to process by blow-moulding. A 
suitable setting of the blow-moulding device proves difficult to find, and in addition such 
setting must be maintained within narrow limits. This renders the process difficult and 
little flexible, particularly in terms of production rate and blow-up ratio. 

A known solution to this problem is to admix, in particular in the 

20 polyolefin, a material that improves processability in a blow-moulding process. Another 
known solution is to add a layer of for example LDPE to provide the required bubble 
stability. The addition of an extra layer is both technically complex and more costly. 

The invention aims to provide a process for blow-moulding a film as 
mentioned in the opening lines with the mentioned problems and drawbacks being 

25 completely or partly avoided. 

This aim is achieved by the process according to the invention by a 
branched polyamide being used as polyamide. 

It has been found that a film bubble containing the mentioned layers 
possesses better stability and can be blow-moulded at a higher throughput than when 

30 non-branched polyamide is used. Films having the desired combinations of layer 

thickness and properties, which otherwise can be realized only by addition of another 
material to the polyolefin layer or by addition of an extra layer to the film can be 
produced at a high production rate. Due to the presence of the branched nylon, even in 
combination with for example LLDPE and PP, that are known for poor bubble stability, 

35 bubble stability is comparable with that of the combination of non-branched polyamide 
with low-density polyethyelene (LDPE), which is known for its excellent processability 
through blow-moulding. 



# 



PCT/NL03/00242 



WO 03/086757 



-2- 



Blow-moulding, including blow-moulding of multilayer films, is a 



process known per se that may be applied in its known embodiments in the process 
according to the invention, which process does not impose any special requirements 
therefor. 



polymers characterized in that at least 50% of the polymer chains possesses more 
than one chain branch or in that the polyamide molecule contains at least a star- 
shaped section. Branched polymers are known from for example EP-A-345 648, WO- 
00/35992 and WO-97/24388. It is preferred to use gel-free branched polyamides such 
10 as those known from WO-00/35992. These give films of highly uniform appearance 
without the irregularitiers caused by gels. These may be characterized as intrinsically 
gel-free, randomly branched polyamides at least composed of units derived from: 
1 . AB monomers, which are understood to be a monomer possessing both a carboxylic 

acid group (A) and an amine group (B). 
15 2. at least one compound I, being a carboxylic acid (A v ) with functionality v > 2 or an 

amine (B w ) with functionality w > 2, 
3. at least one compound II, being a carboxylic acid (A v ) with functionality v ^ 3 or an 

amine (B w ) with functionality w > 3, with compound II being a carboxylic acid if 

compound I is an amine is or with compound II being an amine if compound I is a 
20 carboxylic acid, characterized in that the amounts of units derived from all carboxylic 

acids and amines in the polyamide satisfy formula 1 
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As branched polymer use may be made of the known branched 



P<1/[(Fa-1).(F b -1)] 



(D 
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where: 



P = [I(n i .f i )]x/[2:(n i .f i )] Y 



(2) 



where P £ 1 and either X = A and Y = B, or X = B and Y = A and 



30 



F = Z(n,fi 2 )/Z (n,^) 



(3) 



for, respectively, all carboxylic acids (F A ) and amines (F B ), wherein fi 
is the functionality of a carboxylic acid (v) or amine (w) i, ni the number of moles of a 
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carboxylic acid or amine and the summation is conducted for all units derived from 
carboxylic acids and amines in the polyamide. These give films with a highly uniform 
appearance, without the irregularities caused by gels. Highly suited for application in 
the processs according to the invention is branched polyamide wherein caprolactam is 
5 the predominant monomer unit. 



polyolefins, in particular homopolymers of ethylene and copolymers thereof with one or 
more a-olefins and homopolymers of propylene and copolymers thereof with one or 
more a-olefins, in particular ethylene. The gain in bubble stability and production rate 
10 manifest themselves in particular when the polyolefin layer consists essentially of a 
polyolefin that, in a blow-moulding process, in itself possesses insufficient bubble 
stability in order for it to be processed into a film in a technically and economically 
acceptable manner. Examples hereof are LLDPE and polypropylene. 



1 5 the film but in itself can hardly be processed into a blown film in combination with the 
non-branched polyamide used according to the state of the art. A solution to this 
problem often applied in practice is to replace a proportion of the LLDPE with another 
polyethylene, for example LDPE or HDPE. This does improve bubble stability but the 
presence of the other polyethylene results in a significant decrease in tear strength. 

20 The advantages of the process according to the invention thus best 

manifest themselves when LLDPE is used as material for a second layer in the film, 
even when the LLDPE layer contains at most 5 wt.% down to completely no other 
polyethylene. LLDPE is a form of polyethylene known per se to one skilled in the art. It 
is a copolymer of ethylene and one or more a-olefins that can be traced back in the 

25 end product as short side chains, produced in a low-pressure process and having a 
density of 870 - 940 kg/m 3 , more in particular of 900-930 kg/m 3 . The material 
distinguishes itself from low-density polyethylene (LDPE) by the short side chains, in 
contrast to the long side chains present in LDPE and from high-density polyethylene 
(HDPE) by low crystallinity. 

30 The LLDPE layer then consists essentially of LLDPE, which should 

be taken to mean that it contains at most 10% and preferably at most 8% of another 
polyethylene not being LLDPE and in addition only the customary additives, examples 
of which are thermal and UV-stabilizers and release agents. The LLDPE layer may 
contain 10-50% of a modified LLDPE as adhesion modifier. Suitable modified LLDPEs 



As material in the polyolefin layer use is made of the known 



LLDPE is used in multilayer films for imparting high tear strength to 
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are those which are described below as being suitable for use as adhesive layer 
between the polyamide layer and the LLDPE layer. Such LLDPE layers in combination 
with a layer of non-branched nylon cannot in general be blown to form a film bubble 
with sufficient bubble stability. 
5 The advantages of the the process according to the invenstion are 

particularly prominent in that it is possible to use also LLDPE containing not more than 
5% or even 0% of another polyethylene with good bubble stability. In that case, the 
high tear strength of the LLDPE is utilized to maximum effect with optimum layer 
thicknesses. 

10 All polyethenes other than LLDPE are in principle suitable as the 

other polyethylene that may be admixed in the LLDPE layer. Examples hereof are 
(LDPE) and high-density polyethylene (HDPE) produced with the Ziegler-Natta and 
metallocene catalysts known per se for the purpose. 

If polypropylene is used as polyolefin, the advantages of the process 

15 according to the invention best manifest themselves when linear polypropylene is used, 
which in itself cannot be applied in a blow-moulding process or can be applied in such 
process only with great difficulty and at a low poroduction rate. The Melt Flow Index of 
the polypropylene is preferably between 0.5 and 5 g/10 min. 

As a rule, in the process according to the invention the polyamide 

20 layer preferably is adjacent to the polyolefin. Application of the polyamide layer and the 
polyolefin layer as adjacent functional layers directly connected to each other or 
connected by an adhesive layer has been found to yield the highest bubble stability. 
The layers may thus be directly adjacent to each other but an adhesive layer may also 
be present between the layers. Examples of suitable materials for these adhesive 

25 layers are modified polyolefins such as LDPE, LLDPE, metallocene PE, polyethylene- 
vinyl alcohol, polyethylene-acrylic acid, polyethylene-methacrylic acid and 
polypropylene that are grafted with at least one compound chosen from the group of 
a.p-unsaturated dicarboxylic acids, for example maleic acid, fumaric acid and itaconic 
acid and anhydrides, acidic esters, acidic imides and acidic imines thereof. Modified 

30 copolymers of ethylene and the aforementioned dicarboxylic acids may also be applied 
as adhesive layer in the manner indicated. 

If the layers are directly adjacent to each other, the polyolefin layer 
preferably consists of a mixture of the polyolefin and a modified polyolefin referred to 
as being suitable as an adhesive layer for promoting adhesion between the polyolefin 

35 layer and the polyamide. 
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The polyamide layer may also be adjacent to a polyolefin layer on two 
sides, for example an LLDPE layer, and the other way round. The formed film then 
contains for example a PA-LLDPE-PA or LLDPE-PA-LLDPE sandwich structure. 

Besides the mentioned layers, one or more other functional layers 
5 may also be applied. Layers often used in multilayer film are those which consist of for 
example ethylene-vinylalcohol and ionomers. 

The total thickness of multilayer films that are produced in practice by 
blow-moulding and also by the process according to the invention is between 20 and 
300 jim. In the process according to the invention the polyolefin layer in the multilayer 
10 film preferably has a thickness of at least 10 pm. The upper limit of the thickness is 
given by the intended application and the properties required therefor and extends in 
practice to approx. 100 jim. The branched-polyamide layer has a thickness of at least 2 
fim and preferably of at least 20% of the thickness of the polyolefin layer, up to a 
maximum of 150, preferably 100 jam. Any other layers present have such thicknesses 
15 that they are able to perform their intended function during the production process or in 
the multilayer film to be formed. 

The blow-up ratios applied in the process according to the invention 
prove to be able to be chosen higher than when the conventional non-branched 
polyamide is applied. Blow-up ratios of more than 10% and even 20%-40% higher have 
20 proved possible in the process according to the invention, which thus possesses 
significantly higher flexibility than the known process. 

The invention also relates to a multilayer film containing at least a 
polyamide layer and a polyolefin layer connected thereto, characetrized in that the 
polyamide is a branched polyamide. 
25 The film according to the invention possesses excellent barrier 

properties and properties introduced by the polyolefin layer at a lower thickness than 
the known film with non-branched nylon. 

In particular, when LLDPE is used as polyolefin, the film possesses 
high tear strength in comparison with the amount of polyethylene present in the film 
30 and may possess the desired good barrier and tear strength properties at low total 
thickness. In the case of application of a polyolefin consisting essentially, i.e. at least 
95%, of polypropylene there is obtained a thin film with good surface properties such 
as high gloss. 

Each polyolefin layer may be connected to the adjacent PA layer 
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since an adhesion modifier, in particular a modified polyolefin as described above for 
this purpose, is present in the polyolefin. A separate adhesive layer as described above 
for this purpose may also be present. 

The invention is elucidated with reference to the following examples 
5 and comparative experiments. 

Comparative Experiment A and Example I 

In a Bandera blown film line equipped with 3 extruders each having 
an annular die 100 mm in diameter there was blown a film bubble consisting of two 

10 outer layers of a PE mixture consisting of 60 wt.% LLDPE, 30 wt.% LDPE and 10 wt.% 
Yparex™ 0H040, an MZA-modified LLDPE, as adhesion modifier and a polyamide 
intermediate layer. The LLDPE was a copolymer of ethylene and butene with a Melt 
Flow Index (ASTM D-1238, 2.16 kg, 190°C) of 2.7 g/10 min, a melting point of 125 °C 
and a density of 928 kg/m 3 . The barrel temperature of the extruders was 250 °C and 

15 the head temperature 260°C. The blow-up ratio was 2.1. 

The total thickness of the blown film was 25 pm, made up of 2 PE 
outer layers each of 10 pm and a polyamide intermediate layer of 5 pm. 
In Comparative Experiment A use was made of Akulon™ F126-C, a non-branched 
polyamide-6, as polyamide and in Example I a branched polyamide made, according to 

20 the process of WO00/35992, from 97 parts by weight of caprolactam, 0.62 part by 

weight of bis-hexamethylene-triamine, 0.42 part by weight of adipic acid and 0.71 part 
by weight of benzoic acid with a relative viscosity (measured in a 1 mass% solution in 
90% formic acid at 25°C) of 2.80. 

The Elmendorf tear strength measured in the direction of extrusion 

25 was 27 kN/m and 25 kN/m, respectively. The bubble stability in Example I was 
markedly better than in Comparative Experiment A. 

Comparative Experiment B 

The process of Comparative Experiment A was repeated except that 
30 as PE layer use was made of a layer consisting of 90 wt.% LLDPE and 10 wt.% Yparex 
0H040. It proved impossible to control the process in such a way as to obtain a bubble 
of sufficient stability. 

Examples II and III 

35 The process of Example I was repeated except that the PE layers 
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consisted of 90 wt.% LLDPE and 10 wt.% Yparex 0H040 as adhesion modifier. The 
blow-up ratio in Example I was 2.1 and in Example II 2.5. 

The Elmendorf tear strength measured in the direction of extrusion was 104 kN/m and 
98 kN/m, respectively. 

5 From the foregoing it is clear that, where non-branched nylon is used, 

the presence of an amount of LDPE is indispensible if a stable film bubble is to be 
obtained. Also, it is clear that, by using a branched nylon, it is possible to produce a 
blown film with PE layers containing either only LLDPE or a mixture of LLDPE and 
another polyethylene, with the films in which the PE in the PE layer consists of only 
10 LLDPE possessing a markedly higher '^ar strength. 



